Abstract-This study investigated the relationship between individual differences and proxemic behaviour in an HRI setting involving a robot approaching a person. In total 33 participants took part in three different scenarios; verbal interaction, physical interaction and no interaction. Participant control over the robot, and approach direction was also varied. Measurements of the preferred robot approach distance was obtained, and analysed along with the participants' demographic and personality data. The results indicate differences in approach direction preferences based on gender. Also, results show that the participants' personality traits of extraversion and conscientiousness are associated with changes in approach distance preferences according to robot autonomy. The results are discussed in light of relevant literature from the social sciences.
I. INTRODUCTION
The main aim of this study was to investigate individual differences in proxemic behaviour and preferences, i.e. behaviour and preferences related to social distances in an interaction, applied to different Human-Robot Interaction (HRI) scenarios. Existing research in Human-Human interaction indicates that a large part of the variance in such behaviour is caused by factors dependent upon the individual differences in the participants in a given interaction. Therefore, exploring the individual characteristics that may influence such behaviour in HRI scenarios is necessary in order to understand issues related to robot navigation in human-centred environments.
A. Social Robots It is expected that robots will be widespread in human centred environments in the near future [1] . This will offer new challenges to researchers in the field of Human-Robot Interaction (HRI). The relationships and dynamics for interaction with such robots will be different, both in the range of interactions, as well as the situations that will occur, to those in public or in the workplace [2, 3] . For a robot to operate successfully in human-centred environments, it needs to be able to behave in a manner that is socially appropriate. This means that it should perform its functions in a manner that does not upset or disturb any humans it may encounter. In this human-centred view, interaction with robots needs to be comfortable and acceptable to potential human users.
An adaptive personalised robot companion [4] , must also be capable of adapting to the individual needs and preferences of its users. In order to implement these abilities, the behavioural dimensions of adaptivity as well as the correlates of individual differences in users are necessary topics for investigation. Of particular interest is the use of proxemics research to determine rules of navigation and interaction under different circumstances [5] . Proxemics, a term coined by the anthropologist Edward Hall refers to the study of measurable distances between people as they interact [6] . According to amongst others, Dautenhahn et al. [5] , proxemics is a salient issue to study in HRI scenarios. The robots used in these studies do not need to be overly sophisticated: even robots with limited sensory capabilities may be able to use distance data from people in its environment to ensure that its behaviour within a social setting will be deemed appropriate by its users.
Previously, we have explored some of the general issues in proxemics research as it applies to HRI, both as regards interaction distances between robots and humans [7] , as well as approach directions for robots moving towards humans [8] [9] [10] [11] . Other researchers have also studied issues of proxemics in HRI scenarios, including Yan and Mataric [12] whose findings, from observations of multiple human or robot actors interacting, corresponded with some aspects of Hall's theories. Similar findings were reported by Huittenrauch et al. [13] .
B. Proxemics -A briefoverview. When investigating proxemics in a HRI setting, it is useful to first consider the role of proxemics in human-human interaction. The term "proxemics" was introduced by Edward Hall and a brief description of this theory and research will follow. In his book, 'The Hidden Dimension' [6] , Hall primarily viewed proxemics as the study of differences between cultures. Hall also provided distance data and divided distances in human-human interaction in four categories and attempted to measure these distances for interactions taking place between North Americans. These measurements were obtained primarily from observing naturally occurring dyadic interactions in field studies and lead to the distinctions between Public Distance(3.5 meters and above, Social Distance (1.5-.3.5 meters), Personal Distanc (0.5-1.5 meters ) and Intimate Distance(.05 meters and below). The first issue is the lack of a theoretical framework relevant to HRI. Hall's research was primarily concerned with cross-cultural differences. As such it does not offer any insight into the dynamics that control the appropriate proxemic behaviour in any particular HRI situation [14] .
The second issue is that the distances described by Hall are not robust, both in terms of accuracy and also generalisability across different individuals and situations. Several researchers have demonstrated that Hall's initial measurements are difficult to replicate, both in experimental settings as well as in field observation [15] . Also, participants have been shown to vary their interaction distances in response to proxemic behaviour of others, both from different (sub) cultures or from within the same culture [16, 17] . In addition, individual differences such as social status [18] , gender [19] and personality [20, 21] have been shown to impact strongly on proxemic preferences in human-human interactions.
A thorough discussion of the theories and models of proxemics preferences and behaviour [14, 22] is beyond the scope of this paper, and so we will concern ourselves with factors that have been shown to impact human-human proxemics in empirical studies. Broadly, we will categorise these into factors that are external to the individual and factors that arise from the individual. As this paper's primary focus is on the contribution of individual differences, these will be discussed in greater detail than external factors. Cross-cultural generalisability ofresults from HRI trials may be made difficult as not only may norms for proxemic differ, but attitudes towards robots have been shown to vary from culture to culture [23] .
Widely reported in studies on human proxemic behaviour [14] , it is only natural to assume that this factor may have a strong impact on proxemic preferences when interacting with a robot. Our initial studies on human-robot proxemics indicated that many participants were comfortable approaching a stationary robot (a large minority even to within Hall's "Intimate space" zone found for human-human social distances) but the results were less clear for the condition where the robot actually approached them under the robot's control [24] . c) Degree ofAcquaintance:
According to Hall [6] , this is one of the most important factors in intra-cultural proxemic variation. Our previous HRI studies have used naive participants, interacting with a robot for the first time, and so the results from these studies may not be applicable to the preferences of users who have interacted with a robot for a prolonged period of time.
Assigning a human concept as social status to a robot may be problematic. However, it may be possible to investigate whether or not anthropomorphic attributions [25] to a robot will influence proxemic preferences on the part of the user. Another means to manipulate this is to change the degree of displayed autonomy by the robot. Kim & Hinds [26] argue that the perception of a robot's role in an interaction changes depending on its degree of autonomy, and as such its status in a social interaction may change.
Internal Factors e) Gender
The topic of gender in proxemic research has been studied quite extensively [19, 27] , by researchers from various fields including ethology and socio-biology. These theories argue that males are more territorial than females and so will be more likely to have a larger personal space. Males seem to tend to respond more strongly to intrusions into this space. As such intrusions may trigger fight or flight responses to a larger degree than for females. However, Gillespie and Leffler [ 14] argue in their review ofproxemics research that it is very difficult to establish a clear difference between behaviour arising from genetically determined biological processes and behaviour arising from socialization within a given culture. This is also an issue in general for the socio-biological and ethological understanding of behaviour [28] , but any attempt to disentangle this relationship is beyond the scope of our investigation. Despite this issue, systematic differences have been observed between males and females in proxemic preferences and behaviour. As such it may well have an impact on HRI scenarios.
fi Personality and Individual Differences This paper is primarily concerned with the role of individual differences on proxemic behaviour and preferences in HRI studies. Individual differences have been considered to be a factor in regulating proxemic preferences and behaviour in human-human interactions [21, 29, 30] . We have also considered these issues in two previous HRI studies. Walters et al. [7] , studied the impact of personality on preferred distances to a robot and found that 'proactive''participants preferred to keep a larger distance between themselves and the robot. Syrdal et al. [8] found a small proxemic tolerance effect for extraversion, namely, extraverts rated approach directions that were rated as least comfortable by the overall sample, as more comfortable than other participants. A similar effect was found by Gockley and Mataric [3 1], who reported an overall greater tolerance for robot proximity among extroverts in a stroke rehabilitation task.
The model of personality used in the current study is the Big Five Model, measured using the Big Five Domain Scale from IPIP [32] . Please see table 1 for a brief overview of the personality factors described in this particular model. [35] .
III. RESULTS
A. General Results 1) CLD Data. A detailed overview of the distance data can be found in [35] , however, a general overview will be given here.
There was a significant main effect for Robot Appearance, and pair wise comparisons found that participants allowed the robots with mechanical appearance to approach to a closer distance than those with a humanoid appearance. For the short-term experiment, there was a significant main effect for interaction type. Subsequent pair-wise comparisons found that participants preferred the robot to approach closer for physical interaction than for verbal or no interaction. There was also a significant main effect for approach direction. The pair-wise comparison showed that participants in general allowed the robot to approach closer if it was approaching from the side rather than directly from the front.
Examining the long-term effects, we found no significant differences between week 1 and 2, however, participants allowed the robot to approach significantly closer in week 5, pointing to an habituation effect in spatial preferences due to the prolonged interaction period, independent of any novelty effect (for details of this habituation effect see [36] ). There were no systematic effects for the Human in Control and Robot in Control (HiC/RiC) conditions. 1) Questionnaire Data.
While the CLD data did not show a significant difference dependent on HIC/RIC condition, the post-session questionnaire indicated that there was some impact on participant preferences as to preferred interaction type. Please see Table  2 for an overview. It seems that the long-term participants in weeks 2 and 5 preferred the verbal interaction scenario to the physical interaction scenario in the RiC condition, while this was not the case in the HiC condition. approach closer when the robot is approaching trom the side than when it is approaching from directly from the front. B. Demographics.
No significant effects in approach distance preferences were found for age, academic background or computer proficiency. However, a mixed ANOVA found a significant interaction effect in Week 1 between gender and approach direction (F(1,31)=4.5l5,p<.05). The effect is described below in figure 1 . Figure 1 shows that for females, there is no difference in preferred approach distances for the two different approach directions. For males, however, there is a clear difference between the two directions, where males allow the robot to Personality. A mixed model ANOVA found no significant main effects for personality and overall preferences for approach distances across the conditions. However, a significant interaction effect for extraversion and the HiC/RiC condition (F (1,14) =7.43, p<.05) as well as for conscientiousness and the HiC/RiC condition (F(1,14) =5.73,p<.05) was found. See Figures 2 and 3 for a description of these effects. Figure 2 suggests that there is a clear difference between participants with low and high extraversion scores in the Human in Control condition. Participants scoring high on extraversion allowed the robot to come closer in the Human in Control condition than participants with a low extraversion score. However, for the Robot in Control condition the difference between the two groups is much smaller. This suggests that introverts were comfortable with the robot coming closer in the RiC condition, while Extraverts were less comfortable with the robot approaching closely in this condition.
The opposite seems to be the case for conscientiousness. Participants scoring low on conscientiousness allowed the robot to approach more closely in the HiC condition than they were comfortable with for the RiC condition. There was no marked difference due to HiC/RiC conditions for participants scoring high on conscientiousness.
As mentioned above with regard to gender, the low sample size made it difficult to investigate any long-term effects for personality. No discernible trends were found in the long-term sample for personality. The results presented here indicate that, while it does not significantly impact on overall distance preferences, gender does play a role in determining proxemic behaviour and preferences in a HRI scenario. While there were no difference in preferred approach distances between males and females when the robot approached from the side, females allowed the robot to approach closer than males when it was approaching directly from the front. Our previous studies [8, 10] have also shown that while most participants (on initial encounters) found the front direct approach to be less comfortable than from the side approaches (as this approach felt more confrontational and threatening), a minority of females actually preferred a frontal approach. Kendon [36] in his work on geometrical patterns (F-formations), formed in human-human interactions, observes that approaches or interactions when both individuals are facing each other directly tend to be interactions that are confrontational and/or competitive in nature. The proxemic preferences displayed by the male portion of the sample for this approach direction may indicate that males perceived the robot's behaviour as a territorial threat to much greater degree than females and therefore responded by preventing it from approaching further. This could be caused by more territorial behaviour in the male sample, or different coping strategies for invasions of personal space in males and females. It may also reflect a gender difference in how participants perceive the robot as a social actor. The long-term results also suggest that gender differences are not as relevant in long-term interactions as they are in initial interactions.
B. Personality While the HiC/RiC conditions did not produce a significant main effect in the short-term sample, they did interact significantly with extraversion and conscientiousness, indicating that the two traits are related to participants' reactions to perception of control and autonomy across the scenarios.
Participants scoring high in extraversion allowed the robot to approach closer in the Human in Control condition than they preferred in the Robot in Control condition, while there were no difference between these conditions for participants with low extraversion scores. This would indicate that participants with higher extraversion scores put a greater emphasis on control than the rest of the sample. Literature on personality and proxemics do tend to indicate that extroverts are more tolerant to invasions of personal space than introverts [21 ] and our previous research has shown this to be the case in HRI scenarios as well [8] . In light of this, the results seem to be counterintuitive. One explanation for this result may be that extraversion shares correlates with the personality construct of dominance [33] , a construct that has been shown to be related to initiation of close distance interactions [37] , but also is associated with a preference for control of such interactions. This could be a possible cause of this effect.
For conscientiousness, the effect was similar to that of Extraversion. Participants scoring low in conscientiousness allowed to robot to approach closer in the HiC condition than they preferred for the RiC condition, while no difference between conditions was found for participants with higher conscientiousness scores. There are several explanations that could account for this. The first is that individuals with high conscientiousness scores tend to be more consistent in their behaviour and are less likely to change their preferences than those with low scorers, thus accounting for the lack of change between these conditions. Also, individuals with low conscientiousness often exhibit less impulse control, which also may have led them to press the CLD earlier in a situation in which they were not in control of the robot's behaviour.
While future research with larger sample sizes and a variety of HRI scenarios will need to verify the above interpretation of the results, the time and resources necessary to conduct such large-scale studies mean that research questions and measurements need to be informed by smaller studies like this one in order to make best use of these resources.
C. Conclusions and Future Research
This study has shown that individual differences due to gender and personality have an impact on proxemics preferences in HRI situations, just as they do in human-human interactions. What is less clear from these results is how these individual differences affect proxemics preferences in the long-term. What does seem to be the case, however, is that the impact of individual differences change as participants become more familiar with robot.
Future research should endeavour to integrate results from behavioural responses in HRI scenarios with participant evaluation of the scenario in order to gain a fuller picture of the mechanisms that govern the relationships between individual differences and proxemic preferences and behaviour. This will enable further investigation of the dimensions of adaptivity that will be necessary for a robot to navigate human-centred environments in a socially acceptable manner.
